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(57) Abstract 

A system (10) including an implanted fastener (20) for fastening layers of tissue is disclosed. In one embodiment, the fastener (20) 
includes a proximal anchor member (40), and a distal anchor member (30) each being movable from a reduced profile position to a deployed 
position. The anchor members are mesh structures capable of moving to the deployed position by reducing the axial spacing between die 
opposite ends of the anchor members. Methods of treating gastroesophageal reflux disease (GERD) are also disclosed. One of die methods 
includes placing the distal anchor member through a hole formed in the wall of the esophagus, and through a hole formed in the gastric 
wall. The distal anchor member, the proximal anchor member are then placed in their deployed positions to fasten the wall of the esophagus 
and the gastric wall together between the anchor members. 
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IMPLANTABLE TISSUE FASTENER AND SYSTEM FOR 
TREATING GASTROESOPHAGEAL REFLUX DISEASE 

RACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an implantable tissue fastener for 
fastening layers of tissue together. More particularly, the present invention 
relates to a system and method for fastening of the wall of the esophagus and 
the gastric wall together to treat gastroesophageal reflux disease (GERD). 

Description of Related Art 

The lower esophageal sphincter is located in a distal portion of the 
esophagus adjacent to the junction between the esophagus and the 
stomach. When food is digested, a properly functioning lower esophageal 
sphincter allows food to pass from the esophagus to the stomach while 
limiting reverse flow of the stomach contents into the esophagus. 

Gastroesophageal reflux disease (GERD) is a disorder in which the 
lower esophageal sphincter allows contents of the stomach including gastric 
acid and bile to reverse flow into the distal portion of the esophagus during 
digestion. Complications associated with GERD include heartburn, 
pulmonary disorders, chest pain, esophageal ulcers, esophagitis, Barrett's 
esophagus, and esophageal carcinoma. 

A common treatment for GERD includes administering prescription 
acid blockers for limiting gastric production of acid. Although these drugs 
may provide short term relief, the drugs merely alleviate some of the 
symptoms of GERD rather than correcting the underlying dysfunction of the 
lower esophageal sphincter. In addition, acid blockers are expensive, and 
any long term complications associated with using acid blockers are 
unknown. 

Various surgical procedures have been attempted to correct GERD. In 
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one surgical procedure, known as Nissen fundoplication, a portion of the 
gastric fundus is wrapped around the esophagus. The wrapped gastric 
fundus applies pressure to the esophagus to limit reverse flow of the stomach 
contents into the esophagus. Conventional fundoplication procedures are 
effective at treating GERD, but they have a number of disadvantages. Open 
procedures require a large incision to expose the stomach and the lower 
esophagus. In laparoscopic procedures, four or five smaller incisions are 
formed in the abdominal wall to insert instruments into the body of the patient. 
However, such procedures are expensive and sometimes require a significant 
amount of time for patient recovery. 

Some other procedures, such as those disclosed in U.S. Patent No. 
5,403.326 and in U.S. Patent No. 5,571,116, use surgical staples to secure 
the fundus of the stomach and the lower esophagus. However, these staples 
have relatively small cross sectional sizes which concentrate stresses and 
could allow for tearing or cutting of tissue. In addition, some of the relatively 
rigid stapling instruments used in these procedures may damage tissue when 
they are moved in a patient. Also, such rigid instruments are inserted into the 
operative field with trocar type devices which make abdominal wall 
penetrations. These abdominal wall penetrations increase the risks of post- 
operative hernias, accidental organ perforations, or other drawbacks 
associated with laparoscopic surgery. 

In light of the foregoing, there is a need in the art for an improved 
fastener and procedure for treating GERD. 

SUMMARY OF THF INVFNTION 
Accordingly, the present invention is directed to a fastener, system, 
and method that substantially obviate one or more of the limitations of the 
related art. To achieve these and other advantages and in accordance with 
the purpose of the invention, as embodied and broadly described herein, the 
invention includes an implantable fastener for fastening layers of tissue 
together. The fastener includes an elongated support and a distal anchor 
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member having a first end portion connected to the support and a second end 
portion movable on the support. The distal anchor member is configured to 
be movable from a reduced profile position to a deployed position when a 
spacing between the first and second end portions is reduced. The fastener 
also includes a proximal anchor member having first and second end portions 
movable on the support. The proximal anchor member is configured to be 
movable from a reduced profile position to a deployed position when a 
spacing between the first and second end portions of the proximal anchor 
member is reduced, and the proximal anchor member is spaced from the 
distal anchor member a distance sufficient to position the layers of tissue 
together between the proximal and distal anchor members. At least one 
retainer is provided on a proximal end portion of the support. The retainer 
engages one of the end portions of the proximal anchor member when at 
least the proximal anchor member is in the deployed position. 

In another aspect, the fastener includes a first anchor member, a 
second anchor member, and a connecting section connecting the proximal 
end portion of the first anchor member to the distal end portion of the second 
anchor member. An elongated support is connected to the distal end portion 
of the first anchor member. The support is movable proximaily in the second 
end portion of the distal anchor member, in the connecting section, and in the 
second anchor member to place the first and second anchor members in the 
deployed positions. 

In another aspect, the fastener includes an inflatable balloon and a cap 
member. 

In a further aspect, a system for fastening tissue is provided. The 
system includes the fastener and structure for inserting and/ or deploying the 
fastener. 

In yet another aspect, the present invention includes a method of 
treating gastroesophageal reflux disease. In the method, the implantable 
fastener is passed transorally through the esophagus to a position near the 
junction between the esophagus and the stomach. The distal anchor 
member is inserted through a hole formed in the wall of the esophagus and 
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through a hole formed in the gastric wall while the distal anchor member is in 
the reduced profile position. Both the distal anchor member and the proximal 
anchor member are placed in the deployed positions to fasten the wall of the 
esophagus and the gastric wall together between the deployed distal anchor 
member and the deployed proximal anchor member. 

In a further aspect, the method according to the invention includes 
inflating a balloon in the stomach and placing a cap member against the 
esophageal wall. 

In another aspect, the invention includes a method of fastening at least 
two layers of tissue together. This method comprises introducing an 
adhesion inducing agent between first and second tissue layers of a body, 
inserting an implantable fastener in the body, and holding the first and second 
tissue layers together with the implantable fastener while the adhesion 
inducing agent is between the first and second tissue layers. 

It is to be understood that both the foregoing general description and 
the following detailed description are exemplary, and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRI PTION OF THE DRAWINGS 
The accompanying drawings are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of 
this specification. The drawings illustrate embodiments of the invention and, 
together with the description, serve to explain the principles of the invention. 
In the drawings, 

Fig. 1 is view of a distal end portion of a tissue fastening system 
according to a first embodiment of the invention; 

Fig. 2 is a view of a proximal end portion of the tissue fastening system 
of Fig. 1 ; 

Fig. 3 is a view similar to Fig. 1 showing a tissue fastener of the system 
extending from an introducer tube; 

Fig. 4 is a view similar to Fig. 2 showing the connection of the 
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introducer tube and pusher tube when the introducer extends from the 
introducer tube as shown in Fig. 3; 

Fig. 5 is a schematic view showing the fastener and portion of an 
actuator of the system of Fig. 1 ; 

Fig. 6 is view similar to Fig. 3 showing deployment of anchor members 
on the fastener; 

Fig. 7 is a view similar to Fig. 6 showing the introducer and pusher 
tube being withdrawn from the fastener after the anchor members are 
deployed; 

Fig. 8 is a schematic view showing how the fastener of the system of 
Figs. 1-7 fastens layers of body tissue when the anchor members are 
deployed; 

Fig. 9 is a schematic view of a distal end portion of a tissue fastening 
system according to a second embodiment of the invention; 

Fig. 1 0 is a schematic view of the system of Fig. 9 showing how a 
proximal anchor member is deployed after a distal anchor member is 
deployed; 

Fig. 1 1 is a view similar to Fig. 9 of a third embodiment of the 
invention; 

Fig. 12 is a view showing how the system initially forms a hole in the 
wall of the esophagus and a hole in the gastric wall during a GERD treatment 
procedure; 

Fig. 13 is a view showing deployment of the distal anchor member in 
the stomach to anchor the fastener to the gastric wall; 

Fig. 14 is a view showing deployment of distal and proximal anchor 
members to secure the wall of the esophagus to the gastric wall; 

Fig. 15 is a view similar to Fig. 12 showing a tissue grasper and 
endoscope for use in forming the holes in the esophageal wall and gastric 
wall; 

Fig. 16 is a partially exploded, side view of an embodiment of a 
fastener having an inflatable balloon and cap member; 
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Fig. 17 is a view similar to Fig. 12 showing how holes are formed in the 
esophageal wall and gastric wall during use of the fastener of Fig. 16 in a 
GERD treatment proced ure; 

Fig. 18 shows how the balloon of Fig. 16 is inflated; 

Fig. 19 shows how the cap member of Fig, 16 is pushed toward the 
fastener of Fig. 16; and 

Fig. 20 is a view similar to Fig. 14 showing the fastener of Fig. 16. 

DESCRIPTION OF THE PREFERR ED EMBODIMENTS 
Reference will now be made in detail to the present preferred 
embodiments of the invention, examples of which are illustrated in the 
accompanying drawings. Wherever possible, the same reference numbers 
are used in the drawings and the description to refer to the same or like parts, 
and similar reference numerals are used to refer to similar elements. 

Figs. 1-7 show a tissue fastening system 10 according to a first 
embodiment of the invention. As shown in Figs. 1 , 3, and 5-7, the system 10 
includes an implantable fastener 20 having a distal anchor member 30, a 
proximal anchor member 40, and a connecting section 50 connecting a 
proximal end portion of the distal anchor member 30 to a distal end portion of 
the proximal anchor member 40. 

The distal anchor member 30 is constructed to be moved from a 
reduced profile position, shown in Figs. 1 and 3, to a deployed (expanded) 
position, shown in Figs. 6 and 7. The proximal anchor member 40 is 
preferably constructed similar or identical to the distal anchor member 30. 
The proximal anchor member 40 is also movable from a reduced profiled 
position shown in Figs. 1 and 3, to a deployed (expanded) position, shown in 
Figs. 6 and 7. 

Preferably, the distal anchor member 30 and proximal anchor member 
40 are constructed to move from their respective reduced profile positions to 
their respective deployed positions in response to axial compressive forces 
reducing the axial spacing between opposite end portions of the anchor 
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members 30 and 40. In other words, the distal anchor member 30 is 
preferably constructed so that it expands to the deployed position when a 
spacing between proximal and distal end portions of the distal anchor 
member 30 is reduced. Similarly, the proximal anchor member 40 is 
preferably constructed so that it expands to the deployed position when a 
spacing between proximal and distal end portions of the proximal anchor 
member 40 is reduced. 

The distal and proximal anchor members 30 and 40 are preferably 
mesh structures including individual filaments braided or woven together. 
Preferably, the anchor members 30 and 40 are made of expandable, woven 
mesh material. For example, the anchor members 30 and 40 are mesh 
structures having filaments formed at least in part of nylon material. In the 
relaxed, reduced profile position shown in Figs. 1 and 3, the distal and 
proximal anchor members 30 and 40 have a generally cylindrical shape. In 
the expanded, deployed position, shown in Figs. 6 and 7, the distal and 
proximal anchor members 30 and 40 have a generally annular disk shape. 

Fig. 8 shows how the fastener 20 fastens tissue. The distal end of the 
fastener 20 is inserted in holes H1 and H2 formed in tissues layers T1 and 
T2, respectively, while the distal anchor member 30 is in the reduced profile 
position. Preferably, the connecting section 50 has a length sufficient to pass 
through both tissue layers T1 and T2. The distal anchor member 30 is 
deployed and placed against a surface of one of the tissue layers T1 , and the 
proximal anchor member 40 is deployed and placed against the surface of the 
other tissue layer T2. This fastens the tissue layers T1 and T2 together 
between the deployed anchor members 30 and 40. 

In an alternative construction of the fastener 20, a single piece of mesh 
material forms both of the anchor members 30 and 40 and a layer of material 
coated on the mesh material between the anchor members 30 and 40 forms 
the connecting section 50. 

As shown in Fig. 5, a distal end portion of the distal anchor member 30 
is connected to an outer surface of an elongated, tubular shaped, support 
member 52. The tubular support member 52 has an outer diameter smaller 
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than the inner diameter of the proximal anchor member 40, the inner diameter 
of the connecting section 50, and the inner diameter of the portion of the 
distal anchor member 30 that lacks connection to the support member 52. 

An actuator 54 is removably coupled to the support member 52 as 
shown in Fig. 5. The actuator 54 passes through a lumen of the support 
member 52 and through a proximal end portion W fastener 20. The actuator 
54 preferably includes a length of thread material (or wire) passing through a 
pair holes 56a and 56b in the support member 54 so that a portion of the 
thread is positioned on an outer surface of the support member 52. Because 
the thread passes through the holes 56a and 56b, the thread is capable of 
being removed from the support member 52 and fastener 20 by pulling one 
end of the thread: 

Proximal movement of the actuator 54 moves the support member 52 
proximally in the distal anchor member 30, in the connecting section 50, and 
in the proximal anchor member 40 when a distally directed pushing force is 
applied at a proximal end of the fastener 20. Because the distal end of the 
support member 52 is connected to the distal end of the distal anchor 
member 30, the proximal movement of the support member 52 moves the 
distal end of the fastener 20 toward the proximal end of the fastener 20. 
Initially, the proximal movement of the support member 52 reduces the 
spacing between the opposite ends of the distal anchor member 30 and 
further proximal movement of the support member 52 eventually places the 
distal anchor member 30 in the deployed position. After the distal anchor 30 
moves to the deployed position, the continued proximal movement of the 
support member 52 reduces the spacing between opposite ends of the 
proximal anchor member 40 to place the proximal anchor member 40 also in 
the deployed position. 

As shown in Fig. 5, a proximal end portion of the support member 52 
includes one or more retainers 58. Preferably, the retainers 58 are configured 
to engage a proximal end portion of the proximal anchor member 40, as 
shown in Fig. 7, so that the distal and proximal anchor members 30 and 40 
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are retained in their deployed positions. In the embodiment shown in Figs. 5 
and 7, the retainers 58 are flaps of resilient material extending from the outer 
surface of the support member 52 so that the retainers 58 engage a proximal 
end of the fastener 20 after the support member 52 moves a sufficient 
distance out of an opening in the proximal end of the fastener 20. 
Alternatively, the retainers 58 could be other types of engagement 
mechanisms, such as locking ribs or teeth. 

The system 10 also includes structure for inserting the fastener 20 and 
for deploying the anchor members 30 and 40. As shown in Figs. 1-4, 6, and 
7, the system 10 includes a relatively flexible introducer tube 60 and a 
relatively flexible pushing member 62 extending in the introducer tube 60. A 
distal end portion of the introducer tube 60 has an inner diameter sized to 
contain the fastener 20 therein, as shown in Fig. 1. The distal end of the 

♦ 

introducer tube 60 has a sharp needle tip 61 capable of puncturing the 
esophageal and gastric walls. A proximal end portion of the introducer tube 
60, shown in Figs. 2 and 4, has a first connector 64 configured to be 
connected with a corresponding second connector 66 on the pushing 
member 62. In addition, the proximal end portion of the introducer tube 60 
has a gripping member 65 allowing a physician to retract the introducer tuber 
60 in the proximal direction after the fastener 20 is within the gastric lumen. 

The pushing member 62 is a tube axially movable in the lumen of the 
introducer tube 60. When the fastener 20 is introduced into the body of a 
patient, the fastener 20 is positioned in the distal end portion of the introducer 
tube 60 and the pushing member 62 is in a retracted position, as shown in 
Figs. 1 and 2, so that a distal end of the pushing member 62 is spaced from 
the distal end of the introducer tube 60. 

The distal end of the pushing member 62 has an opening with an inner 
diameter smaller than the outer diameter of the proximal end portion of the 
fastener 20. Distal movement of the pushing member 62 with respect to the 
introducer tube 60 pushes the distal and proximal anchor members 30 and 40 
through the distal opening in the introducer tube 60, as shown in Fig. 3. 
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When the pushing member 62 is in this position, the first connector 64 is 
capable of being connected to the second connector 66, as shown in Fig. 4. 

The actuator 54 extends through a lumen in the pushing member 62 
and passes through an opening in the second connector 66. After the first 
connector 64 is connected to the second connector 66, the actuator 54 is 
moved in the proximal direction. During proximal movement of the actuator 
54, the distal end of pushing member 62 contacts the proximal end of the 
fastener 20 and applies a distally directed pushing force to limit proximal 
movement of the fastener 20 in the introducer tube 60. The initial proximal 
movement of the actuator 54 moves the support member 52 in the fastener 
20 to place the distal anchor member 30 in the deployed position shown in 
Fig. 6. Continued proximal movement of the actuator 54 moves support 
member 52 further in the fastener 20 to place the proximal anchor member 40 
in the deployed position shown in Fig. 6. Eventually, the retainers 58 engage 
the proximal end of the fastener 20, as shown in Fig. 7, and limit distal 
movement of the support member 52 in the fastener 20 to thereby retain the 
anchor members 30 and 40 in the deployed positions. 

When the retainers 52 have engaged the proximal end of the fastener 
20, the introducer tube 60 and pushing member 62 are pulled away from the 
fastener 20, as shown in Fig. 7. In addition, the actuator 54 is preferably 
uncoupled from the support member 52. For example, when the actuator 54 
includes thread, one end of the thread is pulled to pass the other end of the 
thread through the holes 56a and 56b shown in Fig. 5. 

Figs. 9 and 10 show an alternative embodiment of a tissue fastening 
system 10a. As shown in Fig. 9, the tissue fastening system 10a includes a 
fastener 20a having a distal anchor member 30a including a distal end portion 
32 connected to an elongated support member 51 and a proximal end portion 
34 slidably mounted on the support member 51 . An axially movable actuator 
54a is provided in a lumen of the support member 51 . The actuator 54a has 
a distal end configured to contact the slidable distal end portion 34 of the 
distal anchor member 30a. 
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The distal anchor member 30a preferably has a mesh structure similar 
to the distal anchor member 30 of the system 10 shown in Figs. 1-7. The 
distal anchor member 30a is moved from a reduced profile position, illustrated 
with broken lines in Fig. 9, to a deployed position, shown in Fig. 9, when the 
actuator 54a is moved in the distal direction to slide the proximal end portion 
34 toward the distal end portion 32. 

When the distal anchor member 30a is deployed and the support 
member 51 passes through holes H1 and H2 formed in tissue layers T1 and 
T2, as shown in Fig. 10, positioning the distal anchor member 30a against the 
tissue layer T1 maintains the distal anchor member 30a in the deployed 
position. 

As shown in Fig. 10, the system 10a also includes a proximal anchor 
member 40a preferably having a mesh structure similar to the proximal 
anchor member 40 of the system 10 shown in Figs. 1-7. The proximal anchor 
member 40a has a distal end portion 42 and a proximal end portion 44 both 
slidably mounted on the outer surface of the support member 51 . 

The system 10a also includes, a pushing member 62a having a distal 
end with an opening having an inner diameter smaller than the inner diameter 
of the siidable proximal end portion 44. Distal movement of the pushing 
member 62a slides the proximal and distal end portions 44 and 42 against the 

i 

tissue layer T2. Further distal movement of the pushing member 62a places 
the proximal anchor member 40a in a deployed position similar to the 
deployed position of the distal anchor member 30a. When both the distal and 
proximal anchor members 30a and 40b are deployed with the tissue layers T1 
and T2 therebetween, the tissue layers T1 and T2 are fastened to one 
another in a manner similar to that shown in Fig. 8. 

One or more retainers 58a are provided on a proximal portion of the 
support 51 . The retainers 58a engage at least the proximal end portion 44 
during sliding of the proximal end portion 44 to retain the proximal anchor 
member 40 in the deployed position. Preferably, the retainers 58a are locking 
teeth or ribs allowing for a "racheting" adjustment of the location of the 
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engagement along the support 51 . ' 

During the deployment of both the distal and proximal anchor members 
30 a and 4 0a. structure, such as the pushing, member 62 shown in Figs. 1 
and 2, is preferably provided to limit distal movement of the support 51 . In 
addition, the system 10a preferably includes an .introducer tube, such as the 
introducer tube 60 of the system 10 shown in Ftgs. 1-7. 

Fig. 1 1 shows an embodiment of a system 1 0b constructed similar to 
the system 10a shown in Figs. 9 and 10. The system 10b includes a distal 
anchor member 30b having a distal end portion 36 slidably mounted on an 
elongated support 51 b and a proximal end portion 38 connected to the 
support 51b. An actuator 54b having a distal end connected to the slidable 
distal end portion 36 is axially movable in' a lumen of the support 51b. 

Distal movement of the actuator 54b moves the distal anchor member 
30b from a reduced profile position, illustrated with broken lines in Fig. 1 1, to 
a deployed position, shown in Fig. 11. Preferably, the system 10b includes 
retainers (not shown) for retaining the distal anchor member in the deployed 
position. Jn addition, the system 10b also includes an introducer tube similar 
to the introducer tube 60 of the system 10 shown in Figs. 1-7 and a proximal 
anchor member and pushing member similar to those of the system 10a of 
Figs. 10 and 11. 

Methods of treating GERD are discussed below with reference to Figs. 
1-14 Although the invention is described in connection with the structure 
shown in these figures, and in connection with treating GERD, it should be 
understood that the invention in its broadest sense is not so limited. 

As shown in Fig. 12, an endoscope 70 is passed transorally (through 
the mouth of a patient) into the esophagus E until a distal end of the 
endoscope 70 is located adjacent to the junction J between the stomach S 
and the esophagus E. The endoscope 70 is preferably configured to allow a 
physician to visualize the wall of the esophagus EW. To view the gastric wall 
GW (the stomach wall), conventional radiographic or ultrasonic imaging 
equipment is also preferably used. 
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When the distal end of the endoscope 70 is properly positioned, a 
flexible piercing member 72, such as a needle, is introduced through the 
- endoscope 70 and moved distally to pierce a hole H3 in the wall of the 
esophagus EW and a hole H4 in the gastric wall GW. During formation of the 
holes H3 and H4, conventional imaging equipment is preferably used to 
properly position the piercing member 72. 

Fig. 15 shows an alternate embodiment of an endoscope 70a capable 
of being used in a GERD treatment procedure. As shown in Fig. 15, the 
endoscope 70a has a first channel 80 for the piercing member 72 and a 
second channel 82 for a tissue grasper 84 having a pair jaws. The tissue 
grasper 84 is preferably used to pull the gastric wall GW toward the wall of 
the esophagus EW to facilitate forming the holes H3 and H4 with the piercing 
member 72. Because the grasper 84 passes through the channel 82 of the 
endoscope 70, the use of the grasper 84 does not require forming a 
percutaneous puncture or incision in the body of the patient. 

As shown in Fig. 1 2, the piercing member 72 preferably has one or 
more outlets 73 positioned on a distal end portion of the piercing member 72. 
The outlets 73 permit dispersal of an adhesion inducing agent into the space 
between the esophageal wall EW and gastric wall GW by passing the agent 
through a lumen in the piercing member 72 and through the outlets 73. 
Dispersing the adhesion inducing agent between the esophageal wall EW 
and gastric wall GE aids in holding these walls EW and GW together when 
anchor members 30c and 40c of the fastener 20c are deployed as shown in 
Fig. 14. Any type of conventional tissue adhesive could be used for the 
adhesion inducing agent. For example, the tissue adhesion agent is talc 
slurry, gel slurry, fibrin glue, sodium morrhuate, or other bonding agent. 

As those skilled in the art would recognize, the fastener 20c acts as a 
tissue clamp to hold the esophageal wall EW and gastric wall GE together 
while the adhesion inducing agent cures or interacts with these body tissue 
layers to fasten them together. In an alternative embodiment, the fastener 
20c is formed a materials capable of degrading in the body after the adhesion 
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inducing agent has formed a sufficient bond between the tissue layers. 

After the piercing member 72 forms the holes H3 and H4, the piercing 
..member 72 is removed and. a fastener 20c shown in Fig. 13 is inserted 
transorally through the esophagus E via a lumen in the endoscope 70. 
Preferably, the fastener 20c is constructed like one of the fasteners 20, 20a, 
and 20b described above and has distal and proximal anchor members 30c 
and 40c shown in Fig. 14. A distal end of the fastener 20c is inserted through 
the holes H3 and H4 until the distal anchor member 30c is positioned in the 
stomach S. During the insertion of the fastener 20c through the esophagus E 
and the holes H3 and H4, the distal and proximal anchor members 30c and 
40c are preferably in their reduced profile positions. In addition, the fastener 
20c is preferably inserted while the fastener 20c is in an introducer tube 60c 
shown in Fig. 13. The introducer, tube 60c is preferably constructed like the 
introducer tube 60 shown in the system of Figs. 1-7. 

In one of the preferred methods according to the invention, the piercing 
member 72 is not used to form the holes H3 and H4. Rather, the sharp distal 
end 61 of the introducer tube 60 shown in Fig. 1 is used to form the holes H3 
and H4. Using the introducer 60 to form the holes H3 and H4 allows the 
introducer 60 to be inserted while the fastener 20c is in the introducer 60. 
This positions the fastener 20c in the holes H3 and H4 immediately after the 
holes H3 and H4 are formed. Optionally, the distal end portion of the 
introducer 60 includes one or more outlets (not shown) similar to the outlets 
73, shown in Fig. 12, to permit dispersal of the adhesion inducing agent 
between the esophageal wall EW and gastric wall GW. 

After a physician uses the introducer 60 or 60c to position the distal 
anchor member 30c in the stomach S, the distal anchor member 30c is 
placed in the deployed position, as shown in Fig. 13. The way in which the 
distal anchor member 30c is placed in the deployed position depends on the 
particular design of the fastener 20c. If the fastener 20c is constructed like 
the fastener 20 shown in Figs. 1 , 3, and 5-7, the distal anchor member 30c is 
placed in the deployed position by positioning the pushing member 62 shown 
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in Figs. 1-4, 6, and 7 against a proximal end of the fastener 20c and pulling 
the actuator 54 proximally. When the fastener 20c is constructed like the 
_ . _fas.tener.2Qajshown in Figs. 9 and 10. the distal anchor member 30c is placed 
in the deployed position by moving the actuator 54a in the distal direction to 
slide a proximal end of the anchor member 30c toward a distal end of the 
anchor member 30c. If the fastener 20c is constructed like the fastener 20b 
shown in Fig. 1 1 , the distal anchor member 30c is deployed by moving the 
actuator 54b in the proximal direction to slide a distal end of the anchor 
member 30c toward a proximal end of the anchor member 30c. 

After the distal anchor member 30c is deployed, the fastener 20c is 
optionally pulled in the proximal direction to position the gastric wall GW 
against the wail Of the esophagus EW. For example, when the fastener 70c 
is constructed like the fastener 20 shown in Fig. 1 , the fastener 20c is pulled, 
proximally by applying a proximal pulling force to the actuator 54 shown in 
Figs. 1 and 2. Thereafter, the proximal anchor member 40c is placed in a 
deployed position as shown in Fig. 14. The way in which the proximal anchor 
member 40c is placed in the deployed position also depends on the particular 
design of the fastener 20c. When the fastener 20c is constructed like the 
fastener 20 shown in Figs. 1 , 3, and 5-7, the proximal anchor member 40c is 
placed in the deployed position by continued pulling of the actuator 54 in the 
proximal direction. When the proximal anchor member 40c is constructed like 
the proximal anchor member 40a shown in Fig. 10, the proximal anchor 
member 40c is deployed by pushing the pushing member 62a to slide 
proximal and distal ends of the proximal anchor member 40c toward the wall 
of the esophagus EW. 

After the distal and proximal anchor members 30c and 40c are . 
deployed, they are preferably retained in this deployed position. For example, 
the retainers 58 shown in Figs. 5 and 7 or the retainers 58a shown in Fig. 10 
are provided on the fastener 20c. 

When the fastener 20c is implanted as shown in Fig. 14, components 
such as the endoscope 70, the introducer tube 60c, and any actuators or 
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pushing members are removed from the patient. Preferably, additional 
fasteners are also implanted to secure the stomach S to the lower esophagus 
. - E at a plurality of locations. Eventually, the stomach S becomes partially 
wrapped on the esophagus E so that the stomach S and esophagus E are 
positioned similar to the way in which they would be positioned after a Nissen 
fundoplication procedure. As internal pressure of the stomach S increases 
during digestion, the stomach S applies a compressive force to the 
esophagus E that tends to reduce the inner luminal diameter of the 
esophagus E. This compressive force reduces the likelihood of the stomach 
contents being able to pass through the esophagus E. In other words, the 
lower esophagus functions like a properly functioning lower esophageal 
sphincter. 

Fig. 16 shows another embodiment of a fastener 20d according to the 
present invention. The fastener 20d includes an elongated body 100 having 
an internal lumen 104. An inflatable balloon 106 is mounted on the distal end 
portion of the body 1 00. The balloon 106 is formed of either an inelastic or 
elastic material. One or more apertures 108 on the distal end portion of the 
body 100 place the interior of the balloon 106 in fluid communication with the 
internal lumen 104. 

A seal 1 10 in the lumen 104 prevents an inflating fluid, such as air, 
from escaping from the interior of the balloon 1 06 and from the distal end 
portion of the lumen 104. As explained below, the seal 1 10 is configured to 
permit the inflating fluid to enter both the distal end portion of the lumen 104 
and the balloon 106 via an inflating tube 118, shown in Fig. 18, passed 
through the seal 110. Preferably, the seal 1 10 is a resilient flap of material 
capable of sealing inflation fluid in the distal end portion of the body 100 and 
in the balloon 106 when the inflating tube 1 18 is withdrawn from the seal 110. 
Alternatively, the seal 1 1 0 is a slit valve or any other type of valve capable of 
sealing the lumen 104 and permitting passage of the inflating tube 118 
through the seal 110. In addition, the seal 110 could be a one-way valve, 
such as a slit valve, capable of permitting passage of the inflating fluid in only 
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one direction in the lumen 104 without the need to pass the inflating tube 118 
through the seal 110. For example, the seal could be a one-way slit valve 

_. _ -positioned over the apertures 1 08. - 

As shown in Fig. 16, the fastener 20d further includes a cap member 
112. Preferably, the cap member 1 12 is a low profile, disc-shaped plate 
having an opening 114 allowing the cap member 1 12 to fit slidably on the 
proximal end portion of the elongated body 100.. Retainers 116, such as. 
locking ribs, teeth or.resilient flaps, are provided on the proximal end portion 
of the body 100 to retain the cap member 1 12 on the body 100. 

Figs. 17-20 show how the fastener 20d shown in Fig. 16 is used to 
treat GERD. As shown in Fig. 17, an endoscope 70 is positioned in the 
esophagus E trahsorally until the distal end of the endoscope 70 is near the 
junction J of the esophagus E and the stomach S. Thereafter, an introducer 
60d, preferably constructed like the introducer 60 shown in Fig. 1, is inserted 
in the endoscope 70 and through the esophageal and gastric walls EW and 
GW to form a hole H3 in the esophageal wall EW and a hole H4 in the gastric 
wall GW. Preferably, the fastener 20d is placed in a lumen of the introducer 
60 when the introducer 60 forms the holes H3 and H4 so that the balloon 106 
ends up in the stomach S. 

Then, the introducer 60 is retracted in the proximal direction and the 
balloon 106 is inflated while the balloon 106 is positioned in the stomach S, 
as shown in Fig. 18. To inflate the balloon 106, the inflation tube 1 18 is 
inserted in the endoscope 70 and passed through the seal 1 10. Fluid, such 
as air, flowing through the inflating tube 118 passes into the interior of the 
balloon 106 via the lumen 104 and apertures 108. When the balloon 106 is 
inflated, the balloon 106 preferably assumes a low-profile, generally disc 
shape in the stomach S. 

While the balloon 106 is maintained in the inflated condition, the cap 
member 1 12 is advanced toward the fastener 20d, as shown in Fig. 19, by 
placing the inflating tube 1 18 in the opening 1 14 of the cap member 112 and 
pushing the cap member 1 1 2 toward the fastener 20d with pushing tube 120 
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having an inner lumen capable of sliding along the outer surface of the 
inflating tube 118. Continued pushing of the cap member 112 with the 
- pushing tube 120. slides the cap member 112 on the body 100 and the 
retainers 116 retain the cap member 112 on the body 100. This sandwiches 
the esophageal wall EW and gastric wall GW together between the cap 
member 112 and inflated balloon 106, as shown in Fig. 20. 

Thereafter; the inflating tube 118, pushing tube 120, and endoscope 
70 are removed from the esophagus E. As the inflating tube 1 18 passes out 
of the seal 110, the seals 1 10 closes to trap the inflating fluid in the balloon 
106 and thereby maintain the inflation of the balloon 106. As shown in Fig. 
20, the fastener 20d fastens the gastric wall GW to the esophageal wall EW in 
a manner similar to the fastener 20c shown in Fig. 14. 

Preferably, the fastener according to the invention does not extend an 
excess distance into the esophagus E and does not significantly interfere with 
normal digestion. In particular, the fastener preferably has a low profile and 
lacks rough or sharp edges. The portion of the fastener passing through the 
holes formed in the tissue preferably has a sufficient cross-sectional size to 
resist tearing or cutting of tissue. In addition, the fastener is preferably made 
of materials capable of being implanted for extended periods of time. 

Preferably also, the fastener according to the invention is capable of 
being implanted using patient sedation without general anesthesia. If 
additional tissue holding force is required, multiple fasteners according the 
invention could be used to fasten the tissue layers together. In addition, the 
size of the fastener could be varied to treat pediatric or neo-natal patients. 
Because the fastener is relatively small even when it is used to treat adult 
patients, the fastener is capable of passing through the digestive tract without 
causing traumatic injury, if extreme esophageal gastric movements pull the 
fastener through the tissue layers. 

Although the fastener according to the invention is preferably used to 
fasten the wall of the esophagus to the gastric wall in a GERD treatment 
procedure, the fastener could be used to fasten different layers of body tissue 
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in different types of procedures. For example, the fastener could be used to 
fasten more than two layers of tissue together. 

It will be apparent to those skilled in the art that various modifications 
and variations can be made to the structure and methodology of the present 
invention without departing from the scope or spirit of the invention. In view of 
the foregoing, it is intended that the present invention cover modifications and 
variations of this invention provided they fall within the scope of the following 
claims and their equivalents. 
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WHAT IS CLAIMED IS : 

1 . An implantable fastener for fastening layers of tissue together, 
comprising:, • . 

an elongated support; 

a distal anchor member having a first end portion connected to the 
support and a second end portion movable on the support, the distal anchor 
member being configured to be movable from a reduced profile position to a 
deployed position when a spacing between the first and second end portions 
is reduced; 

a proximal anchor member having first and second end portions 
movable on the support, the proximal anchor member being configured to be 
movable from a reduced profile position to a deployed position when a 
spacing between the first and second end portions of the proximal anchor 
member is reduced, the proximal anchor member being spaced from the 
distal anchor member a distance sufficient to position the layers of tissue 
together between the proximal and distal anchor members; and 

at least one retainer on a proximal end portion of the support, the 
retainer engaging one of the end portions of the proximal anchor member 
when at least the proximal anchor member is in the deployed position. 

2. The implantable fastener of claim 1 , wherein each of the distal 
and proximal anchor members includes an expandable mesh structure having 
a generally cylindrical shape in the reduced profile position and a generally 
disk shape in the deployed position. 

3. The implantable fastener of claim 1 , wherein the first end 
portion of the distal anchor member is a distal end portion and wherein the 
implantable fastener further includes a connecting section connecting a 
proximal end of the distal anchor member to a distal end of the proximal 
anchor member, the connecting section being movable on the elongated 
support and having a length sufficient to place the layers of tissue together 
between the proximal and distal anchor members. 
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4. The implantable fastener of claim 3, wherein the retainer is 
located on the support so that the retainer engages a proximal end portion of 
the proximal anchor member to retain the proximal anchor member and the 
distal anchor member in the deployed positions. 

5. The implantable fastener of clainr4;' wherein the first end 
portion of the distal anchor member is a distal end portion and wherein the 
second end portion of the distal anchor member is slidably mounted on the 
support. 

6. The implantable fastener of claim 1 , wherein the first end 
portion of the distal anchor member is a proximal end portion and wherein the 
second portion of the distal anchor member is slidably mounted on the 
support. 

7. The implantable fastener of claim 1 , wherein the first and 
second end portions of the proximal anchor member are slidably mounted on 
the support, and wherein the retainer is located on the support so that the 
retainer engages a proximal end portion of the proximal anchor member to 
retain the proximal anchor member in the deployed position. 

8. A system for fastening layers of body tissue together, 
comprising: 

the implantable fastener of claim 5, the fastener further including a 
lumen in the support; and 

a pushing member extending in the lumen of the support, a distal end 
of the pushing member being configured to contact the second end portion of 
the distal anchor member so that distal movement of the pushing member 
slides the second end portion of the distal anchor member toward the first end 
portion of the distal anchor member to place the distal anchor member in the 
deployed position. 
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9. A system for fastening layers of body tissue together, 
comprising: 

the implantable fastener of claim 6, the fastener further including a 
lumen in the support; and 

an actuator extending in the lumen of the support, the actuator being 
coupled to the second end portion of the distal anchor member so that 
proximal movement of the actuator slides the second end portion of the distal 
anchor member toward the first end portion of the distal anchor member to 
place the distal anchor member in the deployed position. 

1 0. A system for fastening layers of body tissue together, 
comprising: 

the implantable fastener of claim 7; and 

a pushing member having a distal end configured to contact the 
proximal end portion of the proximal anchor member so that distal movement 
of the pushing member slides the proximal end portion of the proximal anchor 
member toward a distal end portion of the proximal anchor member to place 
the proximal anchor member in the deployed position. 

11. An implantable fastener for fastening layers of tissue together, 
comprising: 

a first anchor member having a distal end portion and a proximal end 
portion, the first anchor member being configured to be movable from a 
reduced profile position to a deployed position when a spacing between the 
proximal and distal end portions is reduced; 

a second anchor member having a proximal end portion and a distal 
end portion, the second anchor member being configured to be movable from 
a reduced profile position to a deployed position when a spacing between the 
proximal and distal end portions of the second anchor member is reduced; 

a connecting section connecting the proximal end portion of the first 
anchor member to the distal end portion of the second anchor member, the 
connecting section having a length sufficient to position the layers of tissue 
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together between the first and second anchor members; 

an elongated support connected to the distal end portion of the first 
anchor member, the support being movable proxknally in the proximal end 
portion of the first anchor member, in the connecting section, and in the 
second anchor member to place the first and second anchor members in the 
deployed positions; and 

at least one retainer on a proximal end portion of the support, the 
retainer engaging the proximal end portion of the second anchor member 
when the first and second anchor members are in the deployed positions. 

1 2. The implantable fastener of claim 1 1 , wherein each of the first 
and second anchor members includes an expandable mesh structure having 
a generally cylindrical shape in the reduced profile position and a generally 
disk shape in the deployed position. 

1 3. A system for fastening layers of body tissue together, 
comprising: 

the implantable fastener of claim 1 1 ; 

an introducer tube having a lumen, the implantable fastener being 
capable of being placed in the lumen of the introducer tube when the first and 
second anchor members are in the reduced profile position; 

a pushing member extending in the lumen of the introducer tube, a 
distal end of the pushing member being configured to contact a proximal end 
of the fastener; and 

an actuator extending through the introducer tube, the actuator being 
coupled to the elongated support so that proximal movement of the actuator 
moves the support proximally in the proximal end portion of the first anchor 
member, in the connecting section, and in the second anchor member when 
the distal end of the pushing member contacts the proximal end of the 
fastener. 

14. The system of claim 1 3, wherein the pushing member includes a 
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lumen and wherein the actuator passes through the lumen of the pushing 
member. 

1 5. The system of claim 1 3, wherein the actuator includes a thread 
removably coupled to the elongated support. 

•si*'' 

1 6. The system of claim 13, further comprising a first connector on a 
proximal end of the introducer and a second connector on a proximal end of 
the pushing member, the first connector being adapted to be connected to the 
second connector. 

17. The.system of claim 13, wherein a distal end of the introducer 
has a sharp tip capable of piercing the layers of tissue. 

18. The system of claim 1 3, wherein a distal end portion of the 
introducer has at least one outlet for permitting an adhesion inducing agent to 
be introduced between the layers of tissue. 

1 9. The system of claim 13, further comprising a piercing member 
configured to pierce the tissue layers. 

» 

20. The system of claim 19, wherein the piercing member includes 
at least one outlet for permtting an adhesion inducing agent to be introduced 
between the tissue layers. 

21. An implantable fastener for fastening layers of tissue together, 
comprising: 

an elongated body having a lumen and at least one aperture in a distal 
end portion of the body; 

a balloon on the distal end portion of the body, an interior of the 
balloon being flow connected to the lumen of the body via the aperture so that 
the balloon is capable of being inflatable from a reduced profile position to an 
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inflatable position; 

a seal on the body to maintain inflating fluid in the balloon; 

a cap member configured to be positioned on a proximal end of the 
body; and 

at least one retainer on the proximal end portion of the body for 
retaining the cap member on the body when theklssue layers are between the 
balloon and the cap member. 

22. The fastener of claim 21 , wherein the seal is configured to 
permit passage of an inflating tube through the seal. 

23. The fastener of claim 21 , wherein the balloon has a low profile, 
generally disc shape when the balloon is in the inflated position. 

24. The fastener of claim 21 , wherein the cap member has an 
opening permitting sliding of the cap member on the proximal end portion of 
the fastener. 

25. A system for fastening layers of tissue together, comprising: 
the fastener of claim 21 ; and 

an inflating tube for passing inflating fluid into the balloon. 

26. The system of claim 25, further comprising a pushing member 
for pushing the cap member on the proximal end portion of the body. 

27. The system of claim 21 , further comprising an introducer tube 
having a sharp end configured to pierce the tissue layers. 

28. A method of treating gastroesophageal reflux disease using at 
least one implantable fastener including a distal anchor member configured to 
be movable from a reduced profile position to a deployed position, and a 
proximal anchor member configured to be movable from a reduced profile 
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position to a deployed position, comprising: 

passing the implantable fastener transorally through the esophagus to 
a position near the junction between the esophagus and the stomach; 

inserting the distal anchor member through a hole formed in the wall of 
the esophagus and through a hole formed in the gastric wall while the distal 
anchor member is in the reduced profile position; 

placing the distal anchor member in the deployed position; and 

placing the proximal anchor member in the deployed position to fasten 
the wall of the esophagus and the gastric wall together between the deployed 
distal anchor member and the deployed proximal anchor member. 

29. The method of claim 28, further comprising forming the hole in 
the wall of the esophagus and forming the hole in the gastric wall by piercing 
the wall of the esophagus and the gastric wall. 

30. The method of claim 28, further comprising introducing an 
adhesion inducing agent between the wall of the esophagus and the gastric 
wall. 

31 . The method of claim 28, wherein the distal anchor member is 
configured to be placed in the deployed position by reducing a spacing 
between proximal and distal end portions of the distal anchor member and 
wherein the proximal anchor member is configured to be placed in the 
deployed by reducing a spacing between proximal and distal end portions of 
the proximal anchor member, the placing of the distal anchor member in the 
deployed position including reducing the spacing between the proximal and 
distal end portions of the distal anchor member, and the placing of the 
proximal anchor member in the deployed position including reducing the 
spacing between the proximal and distal end portions of the proximal anchor 
member. 

32. The method of claim 28, further comprising retaining the distal 
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anchor member and the proximal anchor member in the deployed positions 
while the wall of the esophagus and the gastric wall are between the 
deployed distal anchor member and the deployed proximal anchor member. 

33. The method of claim 28, wherein the placing of the distal anchor 
member in the deployed position and the placing*6f the proximal anchor in the 
deployed position include placing a pushing member against a proximal end 
of the implantable fastener and pulling an actuator proximally to move a distal 
end of the fastener toward a proximal end of the fastener. 

34. The method of claim 28, wherein the placing of the distal anchor 
member in the deployed position includes pushing a proximal end portion of 
the distal anchor member toward a distal end portion of the distal anchor 
member. • 

35. The method of claim 28, wherein the placing of the distal anchor 
member in the deployed position includes pulling a distal end portion of the 
distal anchor member toward a proximal end of the distal anchor member. 

36. The method of claim 28, wherein the placing of the proximal 
anchor member in the deployed position includes moving proximal and distal 
end portions of the proximal anchor member toward the wall of the 
esophagus. 

37. A method of treating gastroesophageal reflux disease using a 
fastener including an elongated body, a balloon on the body, and a cap 
member, the method comprising: 

passing the fastener transorally through the esophagus to a position 
near the junction between the esophagus and the stomach; 

inserting the balloon through a hole formed in the wall of the 
esophagus and a hole formed in the gastric wall while the balloon is in a 
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reduced profile position; 

inflating the balloon; and 

retaining the cap member on the body of the fastener to fasten the wall 

of the esophagus and the gastric wall together between the cap member and 
the inflated balloon. 

, •si*'' 

38. The method of claim 37, further comprising forming the hole in 
the wall of the esophagus and forming the hole in the gastric wall by piercing 
the wall of the esophagus and the gastric wall. 

39. A method of fastening at least two layers of tissue together, 
comprising: 

introducing an adhesion inducing agent between first and second 
tissue layers in a body; 

inserting an implantable fastener in the body; and 

holding the first and second tissue layers together with the implantable 
fastener while the adhesion inducing agent is between the first and second 
tissue layers. 

40. The method of claim 39, wherein the first layer of tissue is the 
wall of the esophagus and the second layer of tissue is the gastric wall. 

41 . The method of claim 39, further comprising: 

forming a first hole in the first tissue layer and a second hole in the 
second tissue layer, and passing the fastener through the first and second 
holes. 

42. The method of claim 41 , wherein the implantable fastener 
includes a proximal anchor member and a distal anchor member, and 
wherein the holding includes placing the anchor members in a deployed 
position to sandwich the tissue layers between the anchor members. 



-28- 



WO 99/60931 PCT/IB99/00944 



1/9 





Cl TDCT1TI m? m irrr tr%i n aai 




10 




FIG. 4 



WO 99/60931 



PCT/IB99/00944 



3/9 



10 




FIG. 5 



/ 



,10 



40 ^60 ^62 




FIG. 6 



30 



40 



L J\ ( 52 y-54 




10 

/ 



60 ^62 



F/G. 7 



ri inrTiTi iTr nnrn /nil! C 1C\ 



WO 99/60931 



PCI7IB99/00944 



4/9 



40 



( 







) - , 


n 






50 


n. 






1 



30 



3 



F/G. 8 



10a 



54a 




FIG. 9 



rnooTlTIITC QHPFT (R! II F 26^ 



WO 99/60931 



PCT/IB99/00944 



5/9 



| 44 ^40a 4 2 



62a 



58a 



51 




20a 



FIG. 10 




FIG. 11 



f»i inoTiTi iTr ittt /mi! C ~C\ 



WO 99/60931 



PCT/IB99/00944 



6/9 



FIG. 12 




FIG. 13 



FIG. 14 




CIIDCTITUTC CurrT mi n r r\n\ 



WO 99/60931 



PCT/IB99/00944 



8/9 




FIG. 17 




FIG. 18 



WO 99/60931 



PCT/1B99/00944 



9/9 




FIG. 19 



112 




FIG. 20 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/IB99/00944 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :A61B 17/10 . , 
USCL :606/139 

According to International Patent Classific ation (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 606/139, 151, 191, 192, 194 
Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A, P 

A 

A 

A 

A, P 


US 5,888,196 A (BON. UTTI) 30 March 1999, entire document. 

US 5,331,975 A (BONZ/TTI) 26 July 1994, entire document, 

US 5,460,610 A (DON MICHAEL) 24 October 1995, entire 
document. 

US 5,588,965 A (BURTON et al.) 31 December 1996, entire 
document. 

US 5,769,870 A (SALAHIEH etal.) 23 June 1998, entire document. 


1-42 
1-42 
1-42 

1-42 

1-42 


| | Furtl 


ier documents are listed in the continuation of Box C jf^] See patent family annex. 


Special categories of cited document* *T a later document published after the international filing date or priority 

date end not in conflict with the application but cited to understand 
'A' document defining the general state of the art which is not considered the principle or theory underlying the invention 
to be of particular relevance 

'X' document of particular relevance; the claimed invention cannot be 
"E" earlier document published on or after the internauonal Tiling date considered novel or cannot be considered to involve an inventive step 

•L" document which may throw doubts on priority claim(s) or which is when the document is taken alone 

cited to establish ^ publication date of another citation or other , y . documcnt of rclcvance; ^ claimed mytntion cannot * 
special reason (as specitied) considered to involve an invenUve step when the document is 

•O' document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 
mcan> being obvious to a person skilled in the art 

'P" document published prior to the international filing date but later than document member of the same patent family 
the priority date claimed 


Date of the actual completion of the international search 
16 AUGUST 1999 


Date of mailing of the international search report 

f) 30 SEP 1999 


Name and mailing address of the ISA/US 

Commissioner of Patents and Trademarks 

Box PCT j 

Washington, D.C. 20231 j 


DAPHNA SHAI 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
s/black borders 

□ image cut off at top, bottom or sides 

□ faded text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slanted images 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



